In the preceding paper,1 it was demonstrated that the initial product of bacterial DNA (3) Lysozyme treatment was carried out at 00C for 40 min and then at 370C for 10 min.
, was added during the pulse. This was demonstrated by fractionation of the labeled products by hydroxyapatite chromatography. With longer pulses (40-60 see), the labeled DNA was distributed more or less equally between single-stranded and double-stranded DNA, and at ten minutes almost all the radioactivity had accumulated in the double-stranded DNA. The latter two cases are shown in Figure 1A and B, where pulse-labeled DNA (45 sec and 10 min, respectively) from B. subtilis was separated into two fractions, fraction I DNA (single-stranded DNA) and fraction II DNA (double-stranded DNA). It was shown previously that the double-stranded DNA of fraction II included the bulk DNA of the cells. However, it seemed possible that the component of fraction II that represented newly synthesized DNA, especially from the 45-second pulse sample, might have some unique structure, although it was eluted at the same position as bulk DNA. Therefore, some properties of the two longer pulse samples of fraction II DNA (45-sec and 10-min pulse-labeled) were compared to those of standard native double-stranded DNA and artificially prepared singlestranded DNA.
(1) Affinity of fraction II DNA for nitrocellulose powder: Nitrocellulose is known to have a strong affinity for single-stranded DNA in high salt concentration and, to a much lesser extent, for double-stranded DNA.10 11 To test the Samples of fraction II DNA (isolated by a batch procedure'), CI"-heat-denatured DNA, and native B. subtili DNA were treated with nitrocellulose powder as described in Materials and Methods.
After centrifugation, the radioactivity of the supernatant (B) was subtracted from the total input radioactivity (A) to determine the radioactivity of the nitrocellulose-bound DNA (C).
two samples of fraction II DNA (45-sec and 10-min pulse), double-stranded DNA, and heat-denatured DNA for their affinity for nitrocellulose, they were mixed with nitrocellulose powder in saline citrate solution (2 X SSC, 0.30 M NaCl, 0.03 M Na3-citrate). As is shown in Further evidence for this interpretation will be presented later. If the DNA that binds to the nitrocellulose powder represents a second stage in DNA replication, under conditions of pulse and chase, the radioactivity of this fraction should appear after the radioactivity of the single-stranded DNA fraction is chased out. To check this point, a large amount of cold thymidine was added five seconds after the addition of H3-thymidine, and DNA was isolated at various time intervals. These DNA samples were first separated by hydroxyapatite into fraction I (single-stranded DNA) and fraction II. Fraction II DNA was further treated with nitrocellulose powder to separate nitrocellulose-bound DNA from nitrocellulose-insensitive DNA. As shown in Figure 2A , radioactivity in single-stranded DNA was rapidly chased out after 30 seconds, whereas radioactivity in nitrocellulose-bound DNA in fraction II began to inerease at this time and leveled off at three minutes. On the other hand, the radioactivity in the fraction II DNA that does not bind to nitrocellulose powder increased only (A) Cells prelabeled with C'4-thymidine (0.08 jsc/ml) were pulsed for 5 sec with H3-thymidine (10dc/ml) and chased with cold thymidine as described previously (generation time of about 80 min).
At indicated times, 5-mi samples were taken, and the DNA was isolated and fractionated with hydroxyapatite by the batch procedure' into fraction I DNA (single-stranded DNA) and fraction II DNA.
A portion of fraction II DNA from each sample was further treated with nitrocellulose powder, and the nitrocellulose-bound radioactivity was determined as described in Table 1 Figure 2A . The fractionation techniques described here reveal that the labeled, newly synthesized DNA is isolated as a mixture of three components varying in proportions as a function of the time of chasing, as shown in Figure 2A. -(2) CsCl and C82SO4--Hg(II) density gradient centrifugation of fraction HI DNA: If a considerable portion of the second intermediate is single-stranded, the difference between this portion and native double-stranded DNA should be demonstrable by density gradient centrifugation. Tritium-labeled fraction II DNA from the 45-second pulse sample (90% affinity to nitrocellulose) was mixed with C'4-heat-denatured B. subtilis DNA and cold standard native DNA and was Figure 3 , the curve for this fraction II DNA shows no significant difference in position or special skewness toward singlestranded DNA density when compared to that of the standard native doublestranded DNA. This suggests that the single-stranded part of the second intermediate is so small a portion of each primarily double-stranded DNA molecule that the usual density gradient technique cannot detect the difference between the single-stranded and the native double-stranded DNA.
Nandi et al. reported9 the separation of single-and double-stranded DNA by Cs2SO4 density gradient centrifugation after the DNA was complexed with Hg-(II). As is shown in Figure 4A , when H3-labeled fraction II DNA (45-sec pulse sample), C14-heat-denatured DNA, and cold standard native DNA were mixed with Hg(II) and centrifuged in Cs2SO4, the curve for H3-radioactivity shifted sig- nificantly from the position of the standard native DNA toward the position of C14-labeled single-stranded DNA. This shift is not found for fraction II DNA of the ten-minute pulse sample, where the H3-radioactivity profile and the optical-density profile of native DNA coincide almost perfectly (Fig. 4B) Figure 5 , the radioactivity of the fraction II DNA from the 45-second pulse sample sediments much slower (average 14S, molecular weight approximately 1.2 million) than that of the ten-minute sample (average 22S, molecular weight approximately 3.5 million). This indicates that the newly synthesized DNA of the second intermediate exists as short fragments that increase in length with time. This is consistent with the findings of Okazaki et al." 3 When not denatured, the labeled DNA of fraction II from the ten-minute pulse sample has an average molecular weight of about 14 million. Apparently the newly synthesized DNA of even the ten-minute pulse is not a continuous strand (one gap per molecule). This may be because ten minutes represents a somewhat short pulse under the conditions used (about 80-minute generation time), and there may also be some attack by endonuclease during preparation. More extensive studies on the size distribution of the two intermediates as a function of time will be reported later.
Discussion.-Sequential replication of the bacterial chromosome has been well established,1'3-7 and experiments by Kornberg and co-workers have revealed the mechanism of action of DNA polymerase in vitro."8"'9 When the results reported here are combined with those of others, the following mechanism of DNA replication in vivo is suggested. The The structure of the second intermediate appears to be that of a double-stranded DNA moiety, which has a small but significant single-stranded portion and demonstrable gaps in the newly synthesized strand.
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